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(57) ABSTRACT

A semiconductor device 1s provided for measuring a voltage
of each of plural unit cells series-coupled 1n multi-stage and
configuring an assembled battery. The semiconductor device
includes two terminals coupled to two nodes which are
clectrodes of a unit cell and coupled with other unit cells,
and a voltage measurement circuit which measures the
inter-terminal voltage between the two terminals. The device
also includes a down-convert level shifter circuit which
converts the inter-terminal voltage into a low-potential-side
inter-terminal voltage based on a ground potential, and a
comparator circuit which compares the converted low-po-
tential-side inter-terminal voltage with a predetermined ref-
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erence voltage. The semiconductor device further includes
an up-convert level shifter circuit which converts a low-
potential-side shunt control signal based on the ground
potential into a high-potential-side shunt control signal, and
a switch which short-circuits the two terminals via a resistor
based on the converted high-potential-side shunt control
signal.
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SEMICONDUCTOR DEVICE AND BATTERY
VOLTAGE MONITORING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a Continuation application of U.S.
patent application Ser. No. 13/968,635, filed on Aug. 16,
2013, which 1n turn claims the benefit of Japanese Patent
Application No. 2012-185120 filed on Aug. 24, 2012, the
entire disclosures of which Applications are incorporated by
reference herein.

BACKGROUND

The present invention relates to a device which measures
a voltage of each of plural voltage supplies coupled 1n series
and collects the measurement results, and, 1n particular, the
present invention can be utilized suitably for a semiconduc-
tor device which configures the device.

Currently, an electric vehicle which employs a motor as a
driving source for traveling of the vehicle 1s developed by
not only automakers but other companies or groups. In order
to drive a motor, an in-vehicle power supply which produces
a high voltage of several hundred volts 1s required. This
power source 1s realized by a battery system comprised of a
series coupling of many unit cells (battery cells) each of
which produces a voltage of several volts. Such a battery
system needs to measure the voltage of each of plural unit
cells coupled 1 series with high accuracy, in order to
determine the state of the battery (for example, an over-
charge state, an overdischarge state, the remaining amount
of charge) under all environments including at the time of
traveling and electric charging of a vehicle. A battery system
may icur serious risks, such as ignition and explosion, at
the time of occurrence of abnormal conditions; therefore, 1n
order to operate the battery system safely, a fail-safe solution
1s adopted in the voltage measurement device.

A battery control system 1s usually comprised of a super-
visory IC (Integrated Circuit), a fault monitor IC (secondary
protection IC), an MCU (Micro Controller Unit), and others.
The supervisory IC monitors the state of a battery cell and
outputs state data (mainly battery voltage). The supervisory
IC 1s provided with an analog-to-digital converter circuit
(ADC), measures the battery voltage of a unit cell to an
accuracy ol about 5 mV, and outputs the measurement result
in response to an instruction from the MCU. The fault
monitor IC monitors the voltage of a battery cell and outputs
an abnormality detection signal when the monitored voltage
deviates from a predetermined voltage range. In the case of
a lithium-ion battery, for example, the fault monitor IC
outputs an abnormality detection signal, noting that 1t 1s an
overdischarge state when the unit cell voltage becomes less
than 2V, and outputs an abnormality detection signal, noting,
that 1t 1s an overcharge state when the unit cell voltage
becomes greater than 4.5V. The MCU controls the supervi-
sory IC and the secondary protection IC, and at the same
time, controls the entire battery control system on the basis
of the outputs of the supervisory IC and the fault momtor IC.
The MCU summarizes the state data outputted from the
supervisory IC in real time, and performs suitable control on
the basis of the state data.

In particular, severe functional safety standards are
applied to a vehicle electronic control system. In order to
tulfill these severe standards, many kinds of diagnosis
function are provided in the battery control system. The
examples 1nclude the detection function of disconnection

10

15

20

25

30

35

40

45

50

55

60

65

2

between a node of unit cells of an assembled battery and a
terminal of the supervisory IC, and self-diagnosis function

of each blocks, such as ADC, etc. The fault monitor IC

which can detect an overcharge state and an overdischarge
state 1s Ifrequently employed for realizing such functional
safety.

On the other hand, the reduction in cost 1s also strongly
demanded for the battery control system. For that purpose,
it 1s assumed to be better to integrate the supervisory IC and
the fault monitor IC on a single semiconductor chip. When
the fault monitor IC 1s employed for realization of the
functional safety, 1t 1s desirable to perform the integration
with the function maintained.

Patent Literature 1 discloses the techmque of adding to a
supervisory IC the function capable of detecting disconnec-
tion between a node of unit cells 1n an assembled battery and
a terminal of the supervisory IC. The disconnection 1is
detected by observing a voltage drop which occurs at the
time when the node and the ground is selectively short-
circuited with a resistor and a switch. The measurement of
the voltage drop 1s performed by utilizing an ADC provided
in the supervisory IC for measurement of the cell voltage as
the original function.

Patent Literature 2 realizes the function of detecting
disconnection between a node of unit cells 1n an assembled
battery and a terminal of a supervisory IC, by employing an
overvoltage detection comparator and a low-voltage detec-
tion comparator. In the normal operation without disconnec-
tion, the overvoltage detection comparator determines that
an abnormality 1s detected when a cell voltage becomes
greater than a predetermined value, and the low-voltage
detection comparator determines that an abnormality 1s
detected when a cell voltage becomes less than a predeter-
mined value. Patent Literature 2 points out that “when
disconnection occurs 1n the voltage measurement wiring, 1t
1s 1important to detect the disconnection immediately and to
take fail-safe action” (Paragragh 0004).

Patent Literature 3 discloses an invention which has
improved the mmvention disclosed by Patent Literature 2.
Patent Literature 3 solves an 1ssue that an output of a voltage
sensor module 1s accidentally outputted due to disconnection
of wiring, thereby causing an unstable output as a battery
voltage monitoring device.

Patent Literature 4 discloses a battery voltage monitoring
device which can check whether a comparator for monitor-
ing the occurrence of an overcharge state or an overdis-
charge state 1s working properly, in the state where the
voltage of each battery cell configuring an assembled battery
1s 1n the normal voltage range.

PATENT LITERATURE

(Patent Literature 1) International Publication WO 2007/
119682

(Patent Literature 2) Published Japanese Unexamined
Patent Application No. 2006-2735928

(Patent Literature 3) Published Japanese Unexamined
Patent Application No. 2008-164567

(Patent Literature 4) Published Japanese Unexamined
Patent Application No. 2006-64639

SUMMARY

The examination performed by the present inventors on
Patent Literature 1, 2, 3, and 4 has revealed that there exists
the following new 1ssue.
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In the technique disclosed by Patent Literature 1, the
supervisory IC detects disconnection between a node of unit
cells 1n an assembled battery and a terminal of the supervi-
sory IC by employing an ADC provided for the measure-
ment of the cell voltage as the original function. Therefore,
the measurement system and the fault detection system are
not independent (not dual-redundant). Accordingly, 1t 1s
dificult to satisty the functional safety standards only with
the disclosed technique. Patent Literature 1 describes simul-
taneous use ol a double protection IC as a premise.

The techmque disclosed by Patent Literature 2 and 3 1s the
technique of additionally imparting the function of detecting,
disconnection between a node of unit cells in the assembled
battery and a terminal of the supervisory IC, to the over-
charge/overdischarge detection circuit provided 1n the fault
monitor IC, and 1s independent of the supervisory IC (dual-
redundant). Therefore, the functional safety standards can be
satisfied. However, the supervisory IC and the fault monitor
IC are mounted 1n separate chips, and neither description nor
suggestion 1s made about their integration 1n a single semi-
conductor chip. As illustrated 1n FIG. 1 of Patent Literature
1, for example, an overvoltage detection comparator and a
low-voltage detection comparator are provided in each of
unit battery cells, and no consideration i1s taken about
integration onto a single semiconductor substrate. Compara-
tor circuits coupled to battery cells series-coupled 1n multi-
stage operate with respectively different potential, and the
potential difference between a comparator circuit of the
highest potential and a comparator circuit of the lowest
potential may amount to several hundred volts. In that case,
it 1s necessary to msulate each comparator circuit coupled to
cach battery cell from other battery cells; accordingly, it 1s
necessary to adopt multi-well structure 1n a CMOS process,
for example. Even 11 the multi-well structure 1s adopted, 1t 1s
necessary to provide a broad insulating region in order to
make a withstand voltage high; therefore, the burden with
respect to cost 1s heavy.

Patent Literature 4 discloses the technique 1n which the
potential of a node of unit cells 1s converted by level shifter
circuits 12-14 and transmitted to a comparator circuit, as
illustrated 1n FIG. 1 for example. However, any concrete
realization method of the level shifter circuit 1s not dis-
closed. The technique disclosed by Patent Literature 4
relates to a failure detection circuit of a comparator which
performs overcharge/overdischarge detection; however,
there 1s no reference to the function of detecting disconnec-
tion between a node of unit cells and a terminal of the
supervisory IC, and, furthermore, there 1s neither description
nor suggestion about integration with the supervisory IC.

There are various 1ssues to be solved as described above,
in realizing the measurement of a battery voltage as well as
the detection of overcharge/overdischarge and disconnec-
tion between a node of unit cells and a terminal as the
function of fault monitoring 1n a circuit formed on a single
semiconductor substrate, while satisiying the functional
safety standards with dual-redundancy of the function of
battery voltage monitoring and fault monitoring.

A solution to such 1ssues will be explained 1n the follow-
ing. The other issues and new features of the present
invention will become clear from the description of the
present specification and the accompanying drawings.

According to one embodiment, the solution 1s as follows.

That 1s, a semiconductor device for measuring voltage of
cach of plural umt cells series-coupled in multi-stage and
configuring an assembled battery 1s configured as follows.
The semiconductor device 1s provided with two terminals to
be coupled to two nodes which are both electrodes of a unit
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cell and coupled with other unit cells, and a voltage mea-
surement circuit which measures an inter-terminal voltage
between the two terminals. The semiconductor device i1s
further provided with a down-convert level shifter circuit
which converts the inter-terminal voltage into a low-poten-
tial-side inter-terminal voltage on the basis of a ground
potential, and a comparator circuit which compares the
converted low-potential-side inter-terminal voltage with a
predetermined reference voltage. The semiconductor device
1s also provided with an up-convert level shifter circuit
which converts the low-potential-side shunt control signal
on the basis of the ground potential into a high-potential-side
shunt control signal, and a switch which short-circuits the
two terminals via a resistor on the basis of the converted
high-potential-side shunt control signal.

The eflect obtained by the one embodiment will be
explained briefly as follows.

That 1s, 1t 1s possible to realize the measurement of a
battery voltage as well as the detection of overcharge/
overdischarge and disconnection between a node of unit
cells and a terminal as the function of fault monitoring, 1n a
circuit formed on a single semiconductor substrate, while
satisiying the functional safety standards with dual-redun-
dancy of the function of battery voltage monitoring and fault
monitoring.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a drawing 1llustrating a configuration of princi-
pal parts of a battery voltage momtoring IC according to
Embodiment 1:

FIG. 2 1s a drawing 1llustrating a configuration of princi-
pal parts of a battery voltage momtoring IC according to
Embodiment 2:

FIGS. 3A, 3B, and 3C are explanatory diagrams 1llustrat-
ing modified examples of the battery voltage monitoring IC
provided with cell balance function;

FIG. 4 1s an explanatory diagram 1illustrating an example
in which a down-convert level shifter circuit of the battery
voltage monitoring IC 1s comprised of a high withstand
voltage MOSFET;

FIG. 5 1s an explanatory diagram 1illustrating an example
in which the down-convert level shifter circuit of the battery
voltage monitoring IC 1s comprised of a high withstand
voltage bipolar transistor;

FIG. 6 1s an explanatory diagram 1llustrating an example
in which an up-convert level shifter circuit of the battery
voltage monitoring IC 1s comprised of a high withstand
voltage MOSFET;

FIG. 7 1s an explanatory diagram 1illustrating an example
in which the up-convert level shifter circuit of the battery
voltage monitoring IC 1s comprised ol a high withstand
voltage bipolar transistor;

FIG. 8 1s a more detailed configuration diagram of the
battery voltage monitoring IC;

FIG. 9 1s a drawing 1llustrating a configuration of princi-
pal parts of the battery voltage monitoring device; and

FIG. 10 1s a drawing 1llustrating a configuration of prin-
cipal parts of a battery voltage momitoring device according
to another embodiment.

DETAILED DESCRIPTION

1. Outline of Embodiments

First, an outline of a typical embodiment of the invention
disclosed in the present application 1s explained. A numeri-
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cal symbol of the drawing referred to in parentheses in the
outline explanation about the typical embodiment only 1llus-
trates what 1s 1included in the concept of the component to
which the numerical symbol 1s attached.

(1) <Tap Disengagement Detection+Overcharge/Overdis- 5
charge Detection+Cell Voltage Measurement™>

A semiconductor device (1) for measuring voltage of each
of plural unit cells series-coupled 1n multi-stage and con-
figuring an assembled battery 1s comprised of the following
clements. 10

A first terminal (C)) to be coupled to a first node which 1s
one electrode of a umit cell and coupled to another unit cell
in the unit cells, and a second terminal (C, _,) to be coupled
to a second node which 1s the other electrode of the unit cell
and coupled to another unit cell. 15

A voltage measurement circuit (7) which measures an
inter-terminal voltage between the first terminal and the
second terminal.

A Tfirst level shifter circuit (2) which converts the inter-
terminal voltage into a low-potential-side inter-terminal 20
voltage.

A comparator circuit (6) which compares the low-poten-
tial-side inter-terminal voltage with a predetermined refer-
ence voltage (V,, /).

A second level shifter circuit (3) which converts a low- 25
potential-side shunt control signal (EN_L ., -) into a high-
potential-side shunt control signal (EN_H, »).

A first switch (11) which short-circuits the first terminal
and the second terminal via a first resistor (21), on the basis
of the high-potential-side shunt control signal. 30

According to the present structure, while satisiying the
functional safety standards with dual-redundancy of the
function of battery voltage monitoring and fault monitoring,
it 15 possible to realize the measurement of a battery voltage
as well as the detection of overcharge/overdischarge and 35
disconnection between a node of unit cells and a terminal as
the function of fault monitoring, 1n a circuit formed on a
single semiconductor substrate.

(2) <Fault Detection of a Cell Balance Switch (a Sepa-
rated Drain Type)> 40
In Paragraph 1, the semiconductor device 1s comprised of

the following elements.

A third terminal (B,) to be coupled to the first node.

A second resistor (22) coupled between the first terminal
and the third terminal. 45
A third level shifter circuit (4) which converts a low-
potential-side sense enable signal (EN_L, ;) 1nto a high-

potential-side sense enable signal (EN_H, /).

A Tourth level shifter circuit (5) which converts a low-
potential-side cell balance enable signal (EN_L ) mnto a 50
high-potential-side cell balance enable signal (EN_H_.»).

A third switch (12) which short-circuits the third terminal
and the second terminal, on the basis of the high-potential-
side cell balance enable signal.

At this time, the first level shifter circuit 1s provided with 55
a voltage-to-current converter circuit (8) which converts the
inter-terminal voltage into a current value corresponding to
the inter-terminal voltage, and a current-to-voltage converter
circuit (9) which converts the current value into a low-
potential-side inter-terminal voltage corresponding to the 60
current value. The first level shifter circuit 1s also provided
with a second switch (13) which controls operation of the
voltage-to-current converter circuit, on the basis of the
high-potential-side sense enable signal, and a fourth switch
(14) which controls operation of the voltage-to-current con- 65
verter circuit, on the basis of the potential of the third
terminal, 1n parallel with the second switch.

6

According to the present structure, 1t 1s possible to realize,
with a circuit formed on a single semiconductor substrate,
the fault detection of the switch (12) which discharges a unit
cell 1n order to realize the cell balance function (function to
correct the imbalance of the voltage among plural unit cells),
while satistying the functional safety standards with dual-
redundancy with the monitoring of a battery voltage.

(3) <Fault Detection of a Cell Balance Switch (a Sepa-
rated Discharge Path Type, a Separated Drain/Source
lype)>

In Paragraph 1, the semiconductor device 1s comprised of
the following elements.

A third terminal (B, , BD, ) to be coupled to the first node
and a fourth terminal (B, _,, BS ) to be coupled to the second
node.

A second resistor (22) coupled between the first terminal
and the third termainal.

A third level shifter circuit (4) which converts a low-
potential-side sense enable signal (EN_L,,,.,) 1nto a high-
potential-side sense enable signal (EN_H, ..

A Tourth level shifter circuit (5) which converts a low-
potential-side cell balance enable signal (EN_L ;) mnto a
high-potential-side cell balance enable signal (EN_H ;).

A fifth switch (15, 16) which short-circuits the third
terminal and the fourth terminal, on the basis of the high-
potential-side cell balance enable signal.

At this time, the first level shifter circuit 1s provided with
a voltage-to-current converter circuit (8) which converts the
inter-terminal voltage 1nto a current value corresponding to
the inter-terminal voltage, and a current-to-voltage converter
circuit (9) which converts the current value into a low-
potential-side inter-terminal voltage corresponding to the
current value. The semiconductor device (1) 1s provided
with a second switch (13) which controls operation of the
voltage-to-current converter circuit, on the basis of the
high-potential-side sense enable signal, and a fourth switch
(14) which controls operation of the voltage-to-current con-
verter circuit, on the basis of the potential of the third
terminal, in parallel with the second switch.

According to the present structure, with a circuit formed
in a single semiconductor substrate, 1t 1s possible to realize

the fault detection of the switch (15, 16) which discharges a
unit cell 1n order to realize the cell balance function, while

satisfying the functional safety standards with dual-redun-
dancy with the momtoring of a battery voltage.

(4) <A Down-Convert Level Shifter Circuit by Use of a
High Withstand Voltage FET>

In Paragraph 2 or Paragraph 3, the voltage-to-current
converter circuit and the current-to-voltage converter circuit
are configured as follows, respectively.

The voltage-to-current converter circuit 1s comprised of a
third resistor (23), and a first high withstand voltage FET
(31). A gate of the first high withstand voltage FET 1s
coupled to the second terminal, and the second switch and
the third resistor are coupled 1n series between the source of
the first high withstand voltage FET and the first terminal. A
conversion current of a current value corresponding to the
inter-terminal voltage 1s outputted to a drain of the first high
withstand voltage FET.

The current-to-voltage converter circuit 1s comprised of a
fourth resistor (24) and a second high withstand voltage
FET. The fourth resistor 1s coupled in series with a diode
formed between a draimn and a short-circuited gate-and-
source of the second high withstand voltage FET, and the
current-to-voltage converter circuit converts the inputted

p—1°
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conversion current into the low-potential-side inter-terminal
voltage corresponding to the current value, and outputs the
voltage.

According to the present structure, 1t 1s possible to con-
figure the down-convert level shifter with a high withstand
voltage FET.

(5) <A Center-Tapped Down-Convert Level Shifter Cir-
cuit by Use of a High Withstand Voltage FET>

In Paragraph 4, the semiconductor device 1s provided with
a fifth termunal (C, _;) to be coupled to a third node which
1s one electrode of a unit cell different from the unit cell and
1s coupled to another unit cell 1n the plural unit cells. The
first level shifter circuit 1s provided with a third high
withstand voltage FET (33), a gate of the third high with-

stand voltage FET 1s coupled to the fifth terminal, and a
drain and a source of the third high withstand voltage FET
are 1nserted 1n a signal line which transmits the conversion
current between the voltage-to-current converter circuit and
the current-to-voltage converter circuit.

According to the present structure, 1t 1s possible to con-
figure the down-convert level shifter by use of a high
withstand voltage FET of a withstand voltage lower than the
voltage of the assembled battery.

(6) <A Down-Convert Level Shifter Circuit by Use of a
High Withstand Voltage Bipolar Transistor>

In Paragraph 2 or Paragraph 3, the voltage-to-current
converter circuit and the current-to-voltage converter circuit
are configured as follows, respectively.

The voltage-to-current converter circuit 1s comprised of a
third resistor (23) and a first high withstand voltage bipolar
transistor (41). A base of the first high withstand voltage
bipolar transistor 1s coupled to the second terminal, the
second switch and the third resistor are coupled in series
between an emitter of the first high withstand voltage bipolar
transistor and the first terminal, and a conversion current of
a current value corresponding to the inter-terminal voltage 1s
outputted to a collector of the first high withstand voltage
bipolar transistor.

The current-to-voltage converter circuit 1s comprised of a
fourth resistor (24) and a second high withstand voltage
bipolar transistor (42). The fourth resistor 1s coupled in
series with a diode formed between a collector and a
short-circuited base-and-emitter of the second high with-
stand voltage bipolar transistor, and the current-to-voltage
converter circuit converts the iputted conversion current
into the low-potential-side inter-terminal voltage corre-
sponding to the current value, and outputs the voltage.

According to the present structure, it 1s possible to con-
figure the down-convert level shifter with a high withstand
voltage bipolar transistor.

(7) <A Center-Tapped Down-Convert Level Shifter Cir-
cuit by Use of a High Withstand Voltage Bipolar Transistor>

In Paragraph 6, the semiconductor device i1s further pro-
vided with a fifth terminal (C,_;) to be coupled to a third
node which 1s one electrode of a unit cell different from the
unit cell and 1s coupled to another unit cell in the plural unit
cells. The first level shifter circuit 1s comprised of a third
high withstand voltage bipolar transistor (43). A base of the
third high withstand voltage bipolar transistor 1s coupled to
the fifth terminal, and a collector and an emuitter of the third
high withstand voltage bipolar transistor are inserted in a
signal line which transmits the conversion current between
the voltage-to-current converter circuit and the current-to-
voltage converter circuit.

According to the present structure, it 1s also possible to
configure the down-convert level shifter with the high
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withstand voltage bipolar transistor of a withstand voltage
lower than the voltage of the assembled battery.

(8) <An Up-Convert Level Shifter for Driving a pMOS
Switch>

In Paragraph 1, Paragraph 2, or Paragraph 3, at least one
of the second level shifter circuit, the third level shifter
circuit, and the fourth level shifter circuit 1s a circuit which
converts a low-potential-side control signal (EN_L., .,
EN_L 5, EN_L, ) 1nto a high-potential-side control sig-
nal (EN_H,,», EN_H_.., EN_H, ), and i1s configured as
follows.

At least one of the second level shifter circuit, the third
level shifter circuit, and the fourth level shifter circuit 1s
provided with a first current mirror (51) which 1s supplied
with a reference current (I,.0) and outputs a first current
output at a predetermined magnification of the reference
current, a first high-withstand voltage transistor (335, 45)
which controls the first current output on the basis of the
low-potential-side control signal and outputs a second cur-
rent output, and a fifth resistor (26) which 1s coupled to a
high-potential-side signal line and outputs the high-poten-
tial-side control signal produced by a flow of the second
current output.

According to the present structure, 1t 1s possible to con-

figure an up-convert level shifter which 1s appropriate to
drive a switch (11, 12, 13) comprised of a p-channel MOS-

FET (30_8).

(9) <An Up-Convert Level Shifter for Driving an nMOS
Switch>

In Paragraph 1, Paragraph 2, or Paragraph 3, at least one
of the second level shifter circuit, the third level shifter
circuit, and the fourth level shifter circuit 1s a circuit which
converts a low-potential-side control signal (EN_L._, .,
EN_L. 5z, EN_L, ) mnto a high-potential-side control sig-
nal (EN_H.,,, EN_H_.., EN_H,_ ,.,), and 1s configured as
follows.

At least one of the second level shifter circuit, the third
level shifter circuit, and the fourth level shifter circuit is
provided with a first current mirror (51) which 1s supplied
with a reference current (I,,) and outputs a first current
output at a predetermined magnification of the reference
current, a second high-withstand voltage transistor (34, 44)
which controls the first current output on the basis of the
low-potential-side control signal and outputs a second cur-
rent output, a second current mirror (52, 33) which 1s
supplied with the second current output and outputs a third
current output at a predetermined magnification of the
second current output, and a sixth resistor (25) which
outputs the high-potential-side control signal produced by a
flow of the third current output.

According to the present structure, 1t 1s possible to con-
figure an up-convert level shifter which 1s appropriate to
drive a switch (11, 12, 13) comprised of an n-channel
MOSFET (30_7).

(10) <An Up-Convert Level Shifter for Driving a High-
Potential-Side pMOS Switch and a Low Potential Side
nMOS Switch>

In Paragraph 1, Paragraph 2, or Paragraph 3, at least one
of the second level shifter circuit, the third level shifter
circuit, and the fourth level shifter circuit 1s configured as
follows.

At least one of the second level shifter circuit, the third
level shifter circuit, and the fourth level shifter circuit
converts the first low-potential-side control signal (EN_
L.,» EN_L_ 5 EN_L,, ;) mnto the first high-potential-side
control signal (EN_H.,»., EN_H_ 5, EN_H, ,.), and the
second low-potential-side control signal (EN_L,,,
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EN_L_., EN_L, ;) 1nto the second high-potential-side
control signal (EN_H.., ., EN_H ., EN_H, ., of a poten-
tial lower than the first high-potential-side control signal. At
least one of the second level shifter circuit, the third level
shifter circuit, and the fourth level shifter circuit 1s provided
with the following elements.

A first current mirror (51) which i1s supplied with a
reference current (1,,,) and outputs a first current output at a
predetermined magnification of the reference current.

A first high-withstand voltage transistor (35, 45) which
controls the first current output on the basis of the first
low-potential-side control signal and outputs a second cur-
rent output.

A fifth resistor (26) which 1s coupled to a high-potential-
side signal line and outputs the first high-potential-side
control signal produced by a flow of the second current
output.

A second high-withstand voltage transistor (34, 44) which
controls the first current output on the basis of the second
low-potential-side control signal and outputs a third current
output.

A second current mirror (52, 53) which 1s supplied with
the third current output and outputs a fourth current output
at a predetermined magnification of the third current output.

A sixth resistor (25) which outputs the second high-
potential-side control signal produced by a flow of the fourth
current output.

According to the present structure, even in the case where
the switch (11, 12, 13) comprised of the p-channel MOSFET
(30_8) and the switch (11, 12, 13) comprised of the n-chan-
nel MOSFET (30_7) are intermingled, 1t 1s possible to
configure the up-convert level shifter which 1s approprate
for driving each of the switches. Accordingly, 1t 1s possible
to design the circuit area of the switch, etc. optimally.

(11) <An Overcharge Detection Comparator Circuit+an
Overdischarge Detection Comparator Circuit+a Status Reg-
1ster=

In Paragraph 1, the comparator circuit 1s provided with a
high-voltage-side  comparator  circuit  (CCOMP12-
CCOMP1) which compares the low-potential-side inter-
terminal voltage with a high-voltage-side reference voltage
(V,.A1), and a low-voltage-side comparator circuit
(DCOMP12-DCOMP1) which compares the low-potential-
side inter-terminal voltage with a low-voltage-side reference
voltage (V, . A.). The semiconductor device 1s further pro-
vided with a register (10) which stores comparison results of
cach of the high-voltage-side comparator circuit and the
low-voltage-side comparator circuit.

According to the present structure, it 1s possible to easily
monitor externally the detection result of overcharge/
overdischarge and the detection result of disconnection
between a node of unit cells and a terminal.

(12) <A Status Register+a Control Register>

In Paragraph 2 or Paragraph 3, the comparator circuit 1s
provided with a high-voltage-side comparator circuit
(CCOMP12-CCOMP1) which compares the low-potential-
side inter-terminal voltage with a high-voltage-side refer-
ence voltage (V, H), and a low-voltage-side comparator
circuit (DCOMP12-DCOMP1) which compares the low-
potential-side inter-terminal voltage with a low-voltage-side
reference voltage (V, 1)

The semiconductor device 1s provided with a status reg-
ister (10) which stores comparison results of each of the
high-voltage-side comparator circuit and the low-voltage-
side comparator circuit. The semiconductor device 1s further
provided with a control register (10) which stores at least
one of the low-potential-side shunt control signal (EN_
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L.,»), the low-potential-side sense enable signal (EN_
L, ,on), and the low-potential-side cell balance enable signal

(EN_L . 3).

According to the present structure, 1t 1s possible to easily
monitor externally the detection result of overcharge/
overdischarge, the detection result of disconnection between
anode of unit cells and a terminal, and the detection result of
fault of the switch (15, 16) which discharges a unit cell 1n
order to realize the cell balance function. Also, it 1s possible
to easily control externally the semiconductor device so as
to perform such detecting operation.

(13) <Generation of Interrupt Signal>

In Paragraph 11 or Paragraph 12, the semiconductor
device 1s provided with an interrupt generating circuit (63)
which generates an interrupt signal (INTO) on the basis of
the comparison results of each of the high-voltage-side
comparator circuit and the low-voltage-side comparator
circuit.

According to the present structure, it 1s possible to detect
occurrence of fault without momitoring the status register.

(14) <A Battery Voltage Monitoring Device=Plural Volt-
age Measurement Units+a Battery System Controller>

A battery voltage monitoring device 1s comprised of
plural voltage measurement units provided for each group
(BC, -BC, ., ..., BC,, ,-BC,, ») of plural unit cells
series-coupled in multi-stage and configuring an assembled
battery, and a battery system controller (60) coupled to the
plural voltage measurement units. Each of the plural voltage
measurement units 1s comprised of a semiconductor device

(1_1-1_M).

The semiconductor device 1s provided with the following
clements.

A first terminal (C)) to be coupled to a first node which 1s
one electrode of a unit cell and 1s coupled to another unit cell
in the plural unit cells, and a second terminal (C,_,) to be
coupled to a second node which 1s the other electrode of the
unit cell and 1s coupled to another unit cell.

A voltage measurement circuit (7) which measures an
inter-terminal voltage between the first terminal and the
second terminal.

A first level shifter circuit (2) which converts the inter-

terminal voltage into a low-potential-side inter-terminal
voltage.

A comparator circuit (6) which compares the low-poten-
tial-side inter-terminal voltage with a predetermined refer-

ence voltage (V, ).

A second level shifter circuit (3) which converts a low-
potential-side shunt control signal (EN_L ., ») into a high-
potential-side shunt control signal (EN_H ., »).

A first switch (11) which short-circuits the first terminal
and the second terminal via a first resistor (21), on the basis
of the high-potential-side shunt control signal.

According to the present structure, while satisfying the
functional safety standards with dual-redundancy of the
function of battery voltage monitoring and fault monitoring,
it 1s possible to configure the battery voltage monitoring
device 1 which each of plural voltage measurement units 1s
provided with the semiconductor device which has realized
the measurement of a battery voltage as well as the detection
of overcharge/overdischarge and disconnection between a
node of umt cells and a terminal as the function of fault
monitoring, 1n a circuit formed on a single semiconductor
substrate.
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(15) <A Battery Voltage Monitoring Device Including
Fault Detection of a Cell Balance Switch (a Separated Drain
Type)>

In Paragraph 14, the semiconductor device 1s comprised
of the following elements.

A third terminal (B,) to be coupled to the first node.

A second resistor (22) coupled between the first terminal
and the third terminal.

A third level shifter circuit (4) which converts a low-
potential-side sense enable signal (EN_L, ;) 1nto a high-
potential-side sense enable signal (EN_H, /).

A fourth level shifter circuit (5) which converts a low-
potential-side cell balance enable signal (EN_L ) into a
high-potential-side cell balance enable signal (EN_H_ ;).

A third switch (12) which short-circuits the third terminal
and the second terminal, on the basis of the high-potential-
side cell balance enable signal.

At this time, the first level shifter circuit 1s provided with
a voltage-to-current converter circuit (8) which converts the
inter-terminal voltage nto a current value corresponding to
the inter-terminal voltage, and a current-to-voltage converter
circuit (9) which converts the current value into a low-
potential-side inter-terminal voltage corresponding to the
current value. The first level shifter circuit 1s provided with
a second switch (13) which controls operation of the volt-
age-to-current converter circuit on the basis of the high-
potential-side sense enable signal, and a fourth switch (14)
which controls operation of the voltage-to-current converter
circuit on the basis of the potential of the third terminal, 1n
parallel with the second switch.

According to the present structure, it 1s possible to con-
figure the battery voltage monitoring device in which each
of plural voltage measurement units 1s provided with the
semiconductor device which has realized, in a circuit formed
on a single semiconductor substrate, the fault detection of
the switch (12) which discharges a unit cell 1 order to
realize the cell balance function (function to correct the
imbalance of the voltage among plural unit cells), while
satistying the functional safety standards with dual-redun-
dancy with the monitoring of a battery voltage.

(16) <Fault Detection of a Cell Balance Switch (a Battery
Voltage Monitoring Device Including a Separated Discharge
Path Type and a Separated Drain/Source Type)>

In Paragraph 14, the semiconductor device 1s comprised
of the following elements.

A third terminal (B, , BD, ) to be coupled to the first node
and a fourth terminal (B, _,, BS ) to be coupled to the second
node.

A second resistor (22) coupled between the first terminal
and the third terminal.

A third level shifter circuit (4) which converts a low-
potential-side sense enable signal into a high-potential-side
sense enable signal.

A Tourth level shifter circuit (5) which converts a low-
potential-side cell balance enable signal into a high-poten-
tial-side cell balance enable signal.

A fifth switch (15, 16) which short-circuits the third
terminal and the fourth terminal on the basis of the high-
potential-side cell balance enable signal.

At this time, the first level shifter circuit 1s provided with
a voltage-to-current converter circuit (8) which converts the
inter-terminal voltage nto a current value corresponding to
the inter-terminal voltage, and a current-to-voltage converter
circuit (9) which converts the current value into a low-
potential-side inter-terminal voltage corresponding to the
current value. The first level shifter circuit 1s provided with
a second switch (13) which controls operation of the volt-
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age-to-current converter circuit, on the basis of the high-
potential-side sense enable signal, and a fourth switch (14)
which controls operation of the voltage-to-current converter
circuit on the basis of the potential of the third terminal, 1n
parallel with the second switch.

According to the present structure, 1t 1s possible to con-
figure the battery voltage monitoring device in which each
of plural voltage measurement units 1s provided with the
semiconductor device which has realized, 1n a circuit formed
on a single semiconductor substrate, the fault detection of
the switch (15, 16) which discharges a unit cell in order to
realize the cell balance function, while satistying the func-
tional safety standards with dual-redundancy with the moni-
toring of a battery voltage.

(17) (a Battery Voltage Monitoring Device Including an
Overcharge Detection Comparator Circuit+an Overdis-
charge Detection Comparator Circuit+a Status Register>

In Paragraph 14, the comparator circuit 1s provided with
a high-voltage-side comparator circuit (CCOMP12-
CCOMP1) which compares the low-potential-side inter-
terminal voltage with a high-voltage-side reference voltage
(V, A1), and a low-voltage-side comparator circuit
(DCOMP12-DCOMP1) which compares the low-potential-
side 1nter-terminal voltage with a low-voltage-side reference
voltage (V, L). The semiconductor device 1s further pro-
vided with a status register (10) which stores comparison
results of each of the high-voltage-side comparator circuit
and the low-voltage-side comparator circuit.

The semiconductor device included 1n each of the plural
voltage measurement units 1s coupled to the battery system
controller via a communication path (61), and the battery
system controller enables the status register accessible via
the communication path.

According to the present structure, 1t 1s possible to easily
monitor, Irom a battery system controller (60), the detection
result of overcharge/overdischarge and the detection result
of disconnection between a node of unit cells and a terminal,
in the semiconductor device (1_1-1_M) of each voltage
measurement unit.

(18) <A Battery Voltage Monitoring Device Including a
Status Register+a Control Register>

In Paragraph 15 or Paragraph 16, the comparator circuit
1s provided with a high-voltage-side comparator circuit
(CCOMP12-CCOMP1) which compares the low-potential-
side inter-terminal voltage with a high-voltage-side refer-
ence voltage (V, 41), and a low-voltage-side comparator
circuit (DCOMP12-DCOMP1) which compares the low-
potential-side inter-terminal voltage with a low-voltage-side
reference voltage (V, 1)

The semiconductor device 1s provided with a status reg-
ister (10) which stores comparison results of each of the
high-voltage-side comparator circuit and the low-voltage-
side comparator circuit. The semiconductor device 1s further
provided with a control register (10) which stores at least
one of the low-potential-side shunt control signal (EN_
L.,»), the low-potential-side sense enable signal (EN_
L, o~), and the low-potential-side cell balance enable signal
(EN_L ).

The semiconductor device mncluded in each of the plural
voltage measurement units 1s coupled to the battery system
controller via a communication path (61), and the battery
system controller enables the status register and the control
register accessible via the communication path.

According to the present structure, 1t 1s possible to easily
monitor, from the battery system controller (60), the detec-
tion result of overcharge/overdischarge, the detection result
of disconnection between a node of unit cells and a terminal,
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and the detection result of fault of the switch (15, 16) which
discharges a unit cell in order to realize the cell balance
function, 1 the semiconductor device (1_1-1_M) of each
voltage measurement unit. Furthermore, it 1s possible to
casily control the semiconductor device so as to perform
such detecting operation, from the battery system controller
(60).

(19) <A Battery Voltage Monitoring Device Including an
Interrupt Si1gnal>

In Paragraph 17 or Paragraph 18, the semiconductor
device 1s provided with an interrupt generating circuit which
generates an 1nterrupt signal (INTO) to the battery system
controller, on the basis of the comparison results of each of
the high-voltage-side comparator circuit and the low-volt-
age-side comparator circuit.

According to the present structure, the battery system
controller (60) can detect occurrence of fault, without moni-
toring the status register.

2. Details of Embodiments

The embodiments are further explained 1n full detail.

Embodiment 1

<Tap Disengagement Detection+Overcharge/Overdis-
charge Detection+Cell Voltage Measurement>

FIG. 1 illustrates a configuration of principal parts of a
battery voltage monitoring IC according to Embodiment 1.

A battery voltage monitoring I1C (a semiconductor device)
1 1s for measuring a cell voltage of each of plural unit cells
BC,-BC,, which are series-coupled in multi-stage to con-
figure an assembled battery. The battery voltage monitoring
IC 1 1s comprised of terminals C,-C,, coupled to each of
nodes coupled 1n series across both poles of the unit cells
BC,-BC,,, and 1s configured as follows, for example. There
exists wiring resistance Ri,-Ri,, between each of the nodes
of unit cells BC,-BC, , and each of the terminals C,-C, ,, and
there also exists parasitic capacitance Ci,-Ct, , between the
adjoining pair of the terminals C,-C, .

All the signals inputted from the terminals C,-C,, are
directly supplied to a voltage measurement circuit 7. The
voltage measurement circuit 7 can be configured by com-
bining a multiplexer MUX and an analog-to-digital con-
verter ADC, for example. The multiplexer MUX 1s com-
prised of plural switches, selects a signal from the adjoiming
pair of terminals C_ and C _,, and transmits it to the
analog-to-digital converter ADC. The signal from the
adjoining pair of terminals C_ and C__, 1s a cell voltage of
a umt cell BC . The signal 1s measured by the analog-to-
digital converter ADC and the converted digital value is
outputted. By the multiplexer MUX, the unit cells BC,-BC,,
are selected sequentially, and each cell voltage 1s measured.
The analog-to-digital converter ADC may adopt a delta-
sigma ADC, a successive-approximation ADC, and others.

The plural unit cells BC,-BC,, are series-coupled,
accordingly, a unit cell located closer to the terminal C,, has
a higher potential, even though the cell voltage for each unit
cell 1s low. For example, when 12 unit cells of a lithium-1on
battery, which has a unit cell voltage of about 3.7V, are
coupled 1n series as 1illustrated 1n the present embodiment,
the potential of the termunal C,, with reference to the
terminal CO0 1s 44.4V normally but may amount to 50V when
all unit cells are 1n an overcharge state. The signal of the
terminals C, and C, _, illustrated 1n FIG. 1 1s equal to the
voltage of a unit cell (for example, 3.7V) as the inter-
terminal voltage. However, the potential of the signal 1s as
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high as the potential corresponding to n—-1 stages of umnit
cells, and 1s equal to 33.3V when n=10, for example.

The battery voltage monitoring IC 1 according to
Embodiment 1 1s provided with a down-convert level shifter
circuit 2 which converts the inter-terminal voltage between
the terminals C, and C, _, at a high potential side into a
low-potential-side 1nter-terminal voltage, and a comparator
circuit 6 which compares the converted low-potential-side
inter-terminal voltage with a predetermined reference volt-
age (V,.). The battery voltage monitoring IC 1 1s also
provided with an up-convert level shifter circuit 3 which
converts a low-potential-side shunt control signal (EN_L-
) 1nto a high-potential-side shunt control signal
(EN_H.,,), and a switch 11 which short-circuits the termi-
nals C, and C, _, via a resistor R,» 21, on the basis of the
converted high-potential-side shunt control signal.

Operation of the battery voltage monitoring IC 1 accord-
ing to Embodiment 1 1s explained.

In the normal operation, the switch 11 1s opened (set to
OFF) and the voltage for each unit cell 1s measured by the
voltage measurement circuit 7. In addition, the comparator
circuit 6 performs overcharge/overdischarge detection by
comparing the low-potential-side inter-terminal voltage con-
verted by the down-convert level shifter circuit 2, with a
predetermined reference voltage (V,, o). Since others circuits
except for the terminals C,-C,, are separated and indepen-
dent, the measurement of a battery voltage and the over-
charge/overdischarge detection as one of the fault monitor-
ing function are provided with dual redundancy.

The comparator circuit 6 may be comprised of a high-
voltage-side comparator circuit which compares the low-
potential-side inter-terminal voltage converted by the down-
convert level shifter circuit 2 with a high-voltage-side
reference voltage (V, A1), and a low-voltage-side compara-
tor circuit which compares the low-potential-side inter-
terminal voltage with the low-voltage-side reference voltage
(V,A.). In the case of a lithrum-ion battery for example, it
1s possible for the high-voltage-side comparator circuit to
detect the overcharge state, by setting the high-voltage-side
reference voltage (V,, H) to 4.5V, and 1t 1s possible for the
low-voltage-side comparator circuit to detect the overdis-
charge state, by setting the low-voltage-side reference volt-
age (V, A) to 2V.

In order to explain operation of the detection of discon-
nection between a node of unit cells and a terminal, it 1s
assumed that the wiring which couples the node of the unit
cells BC, ,, and BC, and the terminal C, 1s disconnected.
Wiring 1s provided from the node of the unit cells BC, _ , and
BC to the terminal C, for measurement. This wiring may be
disconnected, and the phenomenon 1s called tap disengage-
ment or tap disconnection. Even 1f tap disengagement occurs
at the termunal C , 1t 1s diflicult to detect the tap disengage-
ment, since parasitic capacitance Ci_ holds the cell voltage
of the unit cell BC, . This 1s because the charge stored in the
parasitic capacitance Ci, cannot be drawn out, since the
monitoring of a battery voltage 1s configured at high imped-
ance so that a battery may not be consumed as much as
possible. The potential of the terminal C,  tends to be
maintained at the midpoint of the termunal C _, and the
terminal C,_, by capacitive subdivision of the parasitic
capacitance Ci__, and Ct . Accordingly, 1n order to detect
the tap disengagement of the terminal C, , the terminal C,
and the terminal C__, are short-circuited with the switch 11
via R, » 21. Accordingly, the charge stored in the parasitic
capacitance CI  can be drawn out, and when there exists
disconnection, the voltage between the terminal C, and the
terminal C,_, becomes low. This voltage 1s converted into a
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low-potential-side inter-terminal voltage by the down-con-
vert level shifter circuit 2, and 1s compared with a prede-
termined reference voltage V, -by the comparator circuit 6.
By this means, the tap disengagement detection, 1.e., the
detection of disconnection between a node of unit cells and
a terminal 1s performed. The down-convert level shifter
circuit 2 and the comparator circuit 6 cannot perform
concurrently the detection of overcharge/overdischarge and
the detection of disconnection between a node of unit cells
and a terminal, when they are configured to be shared by the
detection of overcharge/overdischarge. However, both kinds
ol detection are the function of fault monitoring; therefore,
when each of them 1s provided with dual redundancy with
the momitoring of a battery voltage, 1t 1s possible to satisiy
the functional safety standards.

In the present embodiment, even when fault occurs 1n the
voltage measurement circuit 7, the detection of overcharge/
overdischarge or the detection of disconnection between a
node of unit cells and a terminal by use of the down-convert
level shifter circuit 2 and the comparator circuit 6 are
performed normally. On the other hand, even when fault
occurs 1n the down-convert level shifter circuit 2 and the
comparator circuit 6, disenabling the normal operation of the
overcharge/overdischarge detection system, the monitoring
ol a battery voltage can be performed normally.

In FIG. 1, the attention 1s paid to the unit cell BC,, and
circuits for measuring the cell voltage of other unit cells are
omitted. In order to measure the cell voltage of each of the
plural unit cells BC,-BC, ,, the same circuits are provided in
all the terminals. By this means, 1t 1s possible to realize the
function of the fault monitoring for all the unit cells BC, -
BC,,. The terminals C,-C,, have mutually different poten-
tials, however, the inter-terminal voltages with diflerent
potentials are converted 1nto low-potential-side inter-termi-
nal voltages with the same reference potential by the down-
convert level shifter circuit 2. On the other hand, 1t 1s
necessary that the signal EN_H ., - for controlling the switch
11 1s assigned with a different potential for every unit cell.
Therefore, the up-convert level shifter circuit 3 performs the
up-convert level shift which assigns a suitable potential to
the high-potential-side shunt control signal EN_H_, ..

The inter-terminal voltage i1s level-shifted to the low
potential side; therefore, 1t 1s possible to configure the
comparator circuit 6 with devices which treat a signal of low
potential and small amplitude. It 1s possible to limit the
circuits which have various potential levels to the minimum
circuits including the switch 11. Therefore, it 1s possible to
mimmize the number of devices which require the high-cost
device structure such as a multi-well. When plural compara-
tor circuits 6 are provided corresponding to plural unit cells,
it 1s possible to share the voltage supply which generates the
reference voltage. Therefore, 1t 1s possible to suppress the
increase in a chip area.

According to the present structure, while satisfying the
functional safety standards with dual-redundancy of the
function of battery voltage monitoring and fault monitoring,
it 15 possible to realize the measurement of a battery voltage
as well as the detection of overcharge/overdischarge and
disconnection between a node of unit cells and a terminal as
the function of fault monitoring, 1n a circuit formed on a
single semiconductor substrate.

Embodiment 2

<Fault Detection of a Cell Balance Switch (a Separated
Drain Type)>

FIG. 2 illustrates a configuration of principal parts of a
battery voltage monitoring IC according to Embodiment 2.
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The battery voltage monitoring IC according to Embodi-
ment 2 adds the cell balance function and the fault detection
function of a switch for attaining a cell balance to the battery
voltage monitoring IC according to Embodiment 1. Here,
the cell balance function means the function for maintaiming
the cell voltage of the plural series-coupled unit cells at an
approximately equal value. A unit cell exhibiting a higher
cell voltage compared with other unit cells 1s discharged by
short-circuiting the terminals thereot, so that the umt cell 1s
controlled to exhibit a substantially equal cell voltage as the
other unit cells. What 1s necessary 1s to be balanced approxi-
mately and controlling to a strictly equal voltage 1s not
necessary. Depending on a path which transmits current
when the terminals of a unit cell 1s short-circuited, three
kinds of modifications are possible.

FIGS. 3A, 3B, and 3C are explanatory diagrams 1llustrat-
ing modified examples of the battery voltage monitoring IC
provided with cell balance function; FIG. 3A illustrates a
separated drain type, FIG. 3B illustrates a separated dis-
charge path type, and FIG. 3C 1llustrates a separated drain/
source type. Each feature will be described later. The battery
voltage monitoring IC illustrated 1n FIG. 2 1s the example
which adopts the separated drain type illustrated 1n FIG. 3A.

In addition to the terminals C,-C, ,, terminals B,-B,, for
the cell balance, coupled at the same node, are provided. The
terminals B,-B,, are coupled via resistors RB,-RB,, to the
nodes coupled 1n series across both poles of the unit cells
BC,-BC,,. FIG. 2 illustrates only the unit cell BC,, for
simplicity. In order to discharge the unit cell BC , a switch
12 1s provided for short-circuiting the terminal B, and the
terminal C, _,. In order to generate a high-potential-side cell
balance enable signal EN_H ., which controls ON and OFF
of the switch 12, an up-convert level shifter 5 1s provided.
The up-convert level shifter 5 performs the level conversion
of a low-potential-side cell balance enable signal EN_L .,
and generates the high-potential-side cell balance enable
signal EN_H .

What are described above are the circuits necessary for
the normal operation of the cell balance function.

The following explains circuits for detecting fault of the
switch 12 which realizes the cell balance function. Switches
13 and 14 are provided 1n parallel between a down-convert
level shifter 2 and the terminal C, . The switch 13 1s on/off
controlled by a high-potential-side sense enable signal
EN_H,,,»- In order to generate the high-potential-side
monitor enable signal EN_H, .. from a low-potential-side
monitor enable signal EN_L, .., an up-convert level shifter
4 1s provided. The signal from the terminal B, 1s supplied to
the switch 14. The switch 12 1s provided between the signal
from the terminal B, and the terminal C _,, and the signal
from the terminal B, is pulled-up to the terminal C  via a
resistor R .

The normal operation of cell balance function 1s
explained.

When the cell voltage of the unit cell BC, becomes higher
than those of other unit cells, the switch 12 1s closed to
discharge the unit cell BC, . The path through which the
discharge current flows starts from the positive electrode of
the unit cell BC , passes through a resistor RB,_ , the terminal
B_, the switch 12, the terminal C, _,, and a resistor RT _,, and
returns to the negative electrode of the unit cell BC,.

The operation 1n detecting fault of the switch 12 1s
explained.

The switch 13 1s set to OFF by the high-potential-side
sense enable signal EN_H, ... When the switch 12 1s closed
and the switch 12 works normally, the potential difference
between the termunal B, and the terminal C,_; becomes
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nearly OV. It 1s because the on-resistance of the switch 12 1s
designed to be lower enough than the resistor RB ., accord-

ingly, the voltage drop 1s produced mostly 1n the resistor
RB, . IT the switch 12 1s designed to have somewhat higher
on-resistance and to consume electric power, there exists a
possibility that the battery voltage monitoring IC 1 may be
overheated. When the potential difference between the ter-
minal B, and the terminal C,_, becomes nearly 0V, the
switch 14 1s not set to ON. Since the switch 13 1s also set to
OFF, the down-convert level shifter 2 does not operate, and
the output thereof 1s set to OV.

On the other hand, when the switch 12 1s unable to be set
to ON due to fault (disconnection fault), the potential of the
terminal B rises to the same potential as the terminal C,_ by
the pull-up resistor 22. Accordingly, the switch 14 1s set to
ON, and the down-convert level shifter 2 operates to output
the low-potential-side inter-terminal voltage corresponding,
to the cell voltage of the unit cell BC,.

When the switch 12 1s always set to ON due to fault
(sticking conduction fault), the switch 14 1s set always to
ON, even 1f the switch 12 1s not controlled to be ON by the
cell balance enable signal EN_L 5, since the switch 12 1s set
to ON due to fault.

When the switch 13 1s set to OFF by the sense enable
signal EN_L, .- and the switch 12 1s controlled to be set to
ON by the cell balance enable signal EN_L .., 1f the output
of the down-convert level shifter 2 becomes 0V, it 1s
determined that the switch 12 1s normal, however, i1f the
low-potential-side inter-terminal voltage corresponding to
the cell voltage of the umt cell BC, 1s outputted, it 1s
determined that the switch 12 1s 1n the disconnection fault.
When the switch 13 1s set to OFF by the sense enable signal
EN_L ., and the switch 12 1s controlled to be set to OFF
by the cell balance enable signal EN_L 5, if the output of
the down-convert level shifter 2 becomes 0V, 1t 1s deter-
mined that the switch 12 1s 1n the sticking conduction fault,
however, 11 the low-potential-side inter-terminal voltage
corresponding to the cell voltage of the unit cell BC  1s
outputted, it 1s determined that the switch 12 1s normal. The
switch 13 and the switch 14 may be formed by an n-channel
FET or a p-channel FET. The signal level for the on-off
control described above may be adjusted suitably, according
to the type of FET adopted 1n the switch.

According to the present structure, it 1s possible to realize,
with a circuit formed on a single semiconductor substrate,
the fault detection of the switch (12) which discharges a unit
cell 1n order to realize the cell balance function, while
satistying the functional safety standards with dual-redun-
dancy with the monitoring of a battery voltage.

Embodiment 3

<Fault Detection of a Cell Balance Switch (a Separated
Discharge Path Type and a Separated Drain/Source Type) >

FIGS. 3A, 3B, and 3C are explanatory diagrams illustrat-
ing modified examples of the battery voltage monitoring IC
provided with cell balance function; FIG. 3A 1illustrates a
separated drain type, FIG. 3B illustrates a separated dis-
charge path type, and FIG. 3C 1llustrates a separated drain/
source type. In Embodiment 2, the separated drain type
illustrated in FIG. 3A 1s adopted. However, even when other
methods are adopted, 1t 1s possible to perform similarly the
tault detection of the switch 12 which discharges a unit cell
in order to realize the cell balance function.

In the separated drain type illustrated in FIG. 3A, in
addition to the terminals C,-C,,, terminals B,-B,, for the
cell balance, coupled at the same node, are provided. The
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terminals B,-B,, are coupled via resistors RB,-RB,, to the
nodes coupled 1n series across both poles of the unit cells
BC,-BC,,. In order to discharge the umt cell BC, , a switch
12 1s provided for short-circuiting the terminal B, and the
terminal C,__,. The path for discharging the unit cell BC  1s
from the resistor RB, , via the terminal B, the switch 12_#,
and the terminal C, _,, and to the resistor Rf _,. The path for
discharging an adjoining unit cell BC, _, 1s from a resistor
RB, _,, viaaterminal B, _,, a switch 12_»-1, and a terminal
C, _,, and to a resistor R, _,. There 1s no overlap in the
discharge paths of the adjoining unit cells; therefore, 1t 1s
possible to discharge 12 unit cells concurrently. Although 1t
1s not realistic to discharge all the unit cells concurrently by
the cell balance function, the fact that to discharge two
adjoining unit cells concurrently 1s allowed 1s an advantage.
However, 1t 1s not possible to measure the cell voltage of a
unit cell during the discharge. This 1s because the wiring
resistance Rin-1 i1s included in the discharge path and the
voltage drop (IR drop) due to the discharge current occurs in
the wiring resistance Ri _, during the discharge; accord-
ingly, 1t 1s diflicult to measure the cell voltage correctly.

In the separated discharge path type illustrated in FI1G. 3B,
as 1s the case with the separated drain type illustrated 1n FIG.
3 A, in addition to the terminals C,-C, ,, terminals B,-B, , for
the cell balance, coupled at the same node, are provided. The
terminals B,-B,, are coupled via resistors RB,-RB,, to the
nodes coupled 1n series across both poles of the unit cells
BC,-BC,,. On the other hand, unlike with the separated
drain type illustrated in FIG. 3A, a switch 135 for discharging
the unit cell BC, 1s provided so as to short-circuit the
terminal B, and the terminal B, _,. The path for discharging
the unit cell BC, 1s from the resistor RB,, via the terminal
B . the switch 15_#», and the terminal B, ,, and to the
resistor RB, _,. In the separated discharge path type, 1t 1s not
possible to discharge the adjoiming unit cells concurrently.
This 1s because, 11 a switch 15 _»n-1 for discharging the
adjoining umit cell 1s set to ON concurrently with the switch
15_»n, the discharge current flows not through the discharge
path described above but towards the switch 15_»n-1. On the
other hand, the wiring resistance Rt and Rf _, are not
included 1n the discharge path, therefore, 1t 1s possible to
measure the cell voltage of the unit cell BC by the voltage
measurement unit 7 during the discharging period for the
cell balance.

In the separated drain/source type illustrated 1n FIG. 3C,
two sets of terminals BD,-BD,, and BS,-BS,,, coupled to
the same node respectively, are provided for the cell balance.
A switch 16 for discharging the unit cell BC, 1s provided so
as to short-circuit the terminal BD, and the terminal BS, .
The path for discharging the unit cell BC  1s from the resistor
RB, , via the terminal BD, , the switch 16_#, and the terminal
BS, and to a resistor RB' . There 1s no overlap in the
discharge paths of the adjoining unit cells; therefore, 1t 1s
possible to discharge the adjoiming unit cells concurrently.
The wiring resistance Ri, and Ri, _, are not included 1n the
discharge path; therefore, 1t 1s possible to measure the cell
voltage of the unit cell BC, by the voltage measurement unit
7 during the discharging period for the cell balance as well.
When compared with the types 1llustrated 1n FIGS. 3A and
3B, the type illustrated 1n FIG. 3C requires more numbers of
terminals, but exhibits the improved performance.

When either of the types illustrated in FIGS. 3B and 3C
1s adopted, as 1s the case with Embodiment 2 1llustrated in
FIG. 2, it 1s possible to perform the fault detection of the
short-circuiting switches 15 and 16 for the cell balance, by
pulling up the high potential side of the switches 15 and 16
by the resistor R -5 (22), and by coupling to the switch 14 for
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the on-ofl control of the operation of the down-convert level
shifter 2. The detecting operation 1s the same as the opera-
tion explained in Embodiment 2.

Embodiment 4

<A Down-Convert Level Shifter Circuit by Use of a High

Withstand Voltage FET>

FIG. 4 1s an explanatory diagram illustrating an example
in which a down-convert level shifter circuit 2 of the battery

voltage monitoring IC 1s comprised of a high withstand
voltage MOSFET. MOSFETs 31, 32, and 33 of which the

gate electrodes are depicted with a thick outline bar are high
withstand voltage MOSFETs. It i1s possible to realize the
high withstand voltage by the well-known methods, such as
by thickening a gate oxide layer or providing a drain with an
oflset region.

The down-convert level shifter circuit 2 1s comprised of a
voltage-to-current converter circuit 8 and a current-to-volt-
age converter circuit 9. The voltage-to-current converter
circuit 8 1s comprised of the high withstand voltage MOS-
FET 31 and a resistor 23, and converts the voltage between
the terminals C, and C, _, as the cell voltage of the unit cell
BC, into a conversion current of the corresponding current
value. In further detail, assuming that an inter-terminal
voltage 1s V5., a threshold voltage of the high withstand
voltage MOSFET 31 1s Vt,,, and a value of resistance of the
resistor 23 1s Rs, 5, 1t 1s obtained that the conversion current
[c=(V,,,~V1;,)/Rs,,. The current-to-voltage converter cir-
cuit 9 1s comprised of the high withstand voltage MOSFET
32 and a resistor 24, and outputs a low-potential-side inter-
terminal voltage corresponding to the converted conversion
current. In further detail, assuming that a threshold voltage
of the high withstand voltage MOSFET 32 1s Vt,, and a
value of resistance of the resistor 1s Rs,, 1t 1s obtained that
the low-potential-side inter-terminal voltage VBL=Vt,,+
IcRs,,. A gate and a source of the high withstand voltage
MOSFET 32 are short-circuited to form a diode; therefore,
a forward voltage drop which corresponds to the threshold
voltage Vt,, 1s generated. The current-to-voltage converter
circuit 9 operates on the basis of the ground potential;
therefore, the high-potential-side inter-terminal voltage 1s
shifted to the low-potential-side inter-terminal voltage. By
setting equal respectively the threshold voltages of the high
withstand voltage MOSFETs 31 and 32 and the values of
resistance of the resistors 23 and 24, it 1s possible to shiit
only the potential of the voltage which 1s equal to the cell
voltage of the unit cell.

In this way, it 1s possible to configure the down-convert
level shifter with a high withstand voltage FET.

As described above, 1n order to perform the level shift
between the terminal C, and the terminals C, as the ground
potential with the two MOSFETs 31 and 32, it 1s necessary
that the sum of the withstand voltages of two MOSFETs 31
and 32 exceeds suiliciently the potential difference between
the terminal C, and the terminal C, as the ground potential.

When a low withstand voltage MOSFET 1s employed, a
MOSFET which 1s always set to “ON” 1s 1inserted 1n

between, as exemplified by the MOSFET 33 illustrated in
FIG. 4. By choosing the gate potential of the MOSFET 33
approprately, the potential diflerence between the terminal
C_ and the terminal C, as the ground potential 1s applied to
three MOSFETs, nearly equally distributed. Accordingly, it
1s possible to configure the down-convert level shifter 2 by
use of MOSFETs each having a comparatively low with-
stand voltage. It 1s preferable to choose the gate potential
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appropriately from a node in the middle of the series-
coupled unait cells. It 1s also preferable to msert two or more

MOSFETs 1n between.

Accordingly, it 1s possible to configure the down-convert
level shifter by use of a high withstand voltage FET of a
withstand voltage lower than the voltage of the assembled
battery.

Embodiment 5

<A Down-Convert Level Shifter Circuit by Use of a High
Withstand Voltage Bipolar Transistor>

FIG. § 1s an explanatory diagram 1illustrating an example
in which the down-convert level shifter circuit 2 of the
battery voltage monitoring IC 1s comprised of a high with-
stand voltage bipolar transistor. The down-convert level
shifter circuit 2 1s comprised of bipolar transistors 41, 42,

and 43, 1n licu of the high withstand voltage MOSFETs 31,
32, and 33 illustrated 1n FIG. 4. When the withstand voltage
of the bipolar transistors 41 and 42 1s high enough, the
bipolar transistor 43 1s not necessary. When the withstand
voltage of the bipolar transistors 41 and 42 1s low, on the
contrary, it 1s preferable to msert plural bipolar transistors of
the same kind as the bipolar transistors 43, 1n between.

As 1s the case with Embodiment 4, the down-convert level
shifter circuit 2 1s comprised of a voltage-to-current con-
verter circuit 8 and a current-to-voltage converter circuit 9.
The voltage-to-current converter circuit 8 1s comprised of
the bipolar transistor 41 and a resistor 23, and converts the
voltage between the terminals C,_ and C,_, as the cell voltage
of the unit cell BC,  into a conversion current of the corre-
sponding current value. The current-to-voltage converter
circuit 9 1s comprised of the bipolar transistor 42 and a
resistor 24, and outputs a low-potential-side inter-terminal
voltage corresponding to the converted conversion current.
The current-to-voltage converter circuit 9 operates on the
basis of the ground potential; therefore, the high-potential-
side inter-terminal voltage 1s shifted to the low-potential-
side inter-terminal voltage.

In this way, 1t 1s possible to configure the down-convert
level shifter with a bipolar transistor.

Embodiment 6

<An Up-Convert Level Shifter Circuit by Use of a High
Withstand Voltage FET>

FIG. 6 1s an explanatory diagram 1llustrating an example
in which an up-convert level shifter circuit of the battery
voltage monitoring IC 1s comprised of a high withstand
voltage MOSFET.

The up-convert level shifter circuits 3, 4, and 5 convert a
low-potential-side control signal (EN_L.,,», EN_L .
EN_L,,,»~) 1to a high-potential-side control signal
(EN_H., . EN_H_.,, EN_H, ). Each of the low-poten-
tial-side control signal and the high-potential-side control
signal can employ the bus arrangement formed by 12 signal
lines respectively corresponding to 12 unit cells. However,
FIG. 6 illustrates an example 1n which two low-potential-
side control signals are shifted to two high-potential-side
control signals. Although not limited 1n particular, the low-
potential-side control signals are stored 1n a register 10. The
upper part of FIG. 6 illustrates a circuit which outputs the
high-potential-side control signal for driving a switch com-
prised ol a p-channel MOSFET 30_8. The lower part of FIG.
6 illustrates a circuit which outputs the high-potential-side
control signal for driving a switch comprised of an n-chan-

nel MOSFET 30_7.




US 10,630,067 B2

21

MOSFETSs 34, 35, 36, and 37 of which the gate electrodes
are depicted with a thick outline bar are high withstand
voltage MOSFETs, and other MOSFETs are ordinary low
withstand voltage MOSFETs. A current mirror 51 comprised
of low withstand voltage MOSFETs 30_1, 30_2, and 30_3

1s provided. The current mirror 51 1s supplied with a
reference current I, - and outputs a current at a predeter-

mined magnification of the reference current to the high
withstand voltage MOSFET 35 via the low withstand volt-
age MOSFET 30_2, and to the high withstand voltage
MOSFET 34 via the MOSFET 30_3, respectively.

A gate of the high withstand voltage MOSFET 35 1s
supplied with one of the low-potential-side control signals,
and a drain thereof 1s coupled to a resistor 26 and a gate of
the p-channel MOSFET 30_8 which configures a switch.
This signal line corresponds to the high-potential-side con-
trol signal. The other side of the resistor 26 1s coupled to a
source of the p-channel MOSFET 30_8 which configures the
switch. This signal line corresponds to one of the terminals
Cy-C, , 1llustrated in FIG. 2.

The high withstand voltage MOSFET 35 performs the
on-oil control of the output current of the current mirror 51
according to the value of the low-potential-side control
signal. When controlled to ON, the high withstand voltage
MOSFET 35 makes the output current of the current mirror
51 flow through the resistor 26. Accordingly, a voltage drop
1s generated across the resistor 26, and a high-potential-side
control signal 1s generated, which 1s based on the potential
of one of the terminals C,-C, , as a reference potential. Since
the high-potential-side control signal 1s lower than the
terminal voltage, 1t 1s suitable for control of the switch
comprised of the p-channel MOSFET 30_8.

A gate of the high withstand voltage MOSFET 34 1s
supplied with the other of the low-potential-side control
signals, and a drain thereof 1s coupled to a current mirror 52.
The output of the current mirror 52 1s coupled to a resistor
25 and a gate of the n-channel MOSFET 30_7 which
configures a switch. This signal line corresponds to the
high-potential-side control signal. The other side of the
resistor 25 1s coupled to a source of the n-channel MOSFET
30_7 which configures the switch. This signal line corre-
sponds to one of the terminals C,-C,, 1llustrated in FIG. 2.

The high withstand voltage MOSF =T 34 performs the
on-oil control of the output current of the current mirror 51
according to the value of the low-potential-side control
signal. When controlled to ON, the current further mirrored
by the current mirror 32 flows through the resistor 25.
Accordingly, a voltage drop 1s generated across the resistor
25, and a high-potential-side control signal 1s generated,
which 1s based on the potential of one of the terminals
C,-C, , as a reference potential. Since the high-potential-side
control signal 1s higher than the termunal voltage, 1t 1s
suitable for control of the switch comprised of the n-channel
MOSFET 30_7.

From a structural viewpoint of the circuit, the switch
comprised of the p-channel MOSFET 30_8 fits the highest
potential side of the terminals C,-C,,, and the switch
comprised of the n-channel MOSFET 30_7 fits the lowest
potential side. A switch arranged 1n between can be designed
optimally, taking into consideration the size of the switch
and the necessity of the current mirror 52. In order to obtain
the same current driving capacity, the switch comprised of
the n-channel MOSFET 30_7 requires a smaller area than
the switch comprised of the p-channel MOSFET 30_8. On
the other hand, in order to drive the switch comprised of the
n-channel MOSFET 30 7. the current mirror 52 1s neces-
sary. For example, the switch 12 for the cell balance function
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needs the enlarged area of the switch itself 1n order to make
large current flow. Therefore, even 1f the number of the

current mirrors 52 1ncreases, configuring comparatively
many switches of the n-channel MOSFET 30_7 can reduce
the entire chip area. On the other hand, the switches 11 and
13 do not make large current tlow; therefore, the area of the
switch itself can be made small. Therefore, configuring
comparatively many switches of the p-channel MOSFET
30_8 and suppressing the number of the current mirrors 52
to be employed can reduce the entire chip area.

When the switch comprised of the n-channel MOSFET
30_7 1s adopted sequentially from the comparatively low
potential side, i1t 1s preferable to determine suitably the
power supply voltage of the current mirror 52, the necessity
of the high withstand voltage MOSFETs 36 and 37, or the
number of stages, in accordance with the potential of the
high-potential-side control signal to drive. When the switch
comprised of the n-channel MOSFET 30_7 1s arranged at the
lowest potential side, 1t 1s also preferable to couple directly
the low-potential-side control signal to drive, without
employing a level shifter circuit.

When the withstand voltage of a MOSFET 1s compara-
tively low, a high withstand voltage MOSFET of the same
kind as the MOSFET 33 illustrated 1n FIG. 4 1s 1nserted in
the middle of the mnput-output current path of a current
mirror; accordingly, the withstand voltage can be distrib-
uted.

Embodiment 7

<An Up-Convert Level Shifter Circuit by Use of a High
Withstand Voltage Bipolar Transistor>

FIG. 7 1s an explanatory diagram 1llustrating an example
in which the up-convert level shifter circuit of the battery
voltage monitoring IC 1s comprised of a high withstand
voltage bipolar transistor.

The up-convert level shifter circuits 3, 4, and 5 convert a
low-potential-side control signal (EN_L.,,», EN_L .
EN_L,,,»~) 1to a high-potential-side control signal
(EN_H., . EN_H_.,, EN_H, ). Each of the low-poten-
tial-side control signal and the high-potential-side control
signal can employ the bus arrangement formed by 12 signal
lines respectively corresponding to 12 unit cells. However,
FIG. 7 illustrates an example 1n which two low-potential-
side control signals are shifted to two high-potential-side
control signals. Although not limited 1n particular, the low-
potential-side control signals are stored 1n a register 10. The
upper part of FIG. 7 illustrates a circuit which outputs the
high-potential-side control signal for driving a switch com-
prised ol a p-channel MOSFET 30_8. The lower part of FIG.
7 1llustrates a circuit which outputs the high-potential-side
control signal for driving a switch comprised of an n-chan-
nel MOSFET 30_7. Bipolar transistors 44, 45, 46, and 47 are
high withstand voltage transistors, and MOSFETs are ordi-
nary low withstand voltage MOSFETs.

A current mirror 51 comprised of MOSFETs 30_1, 30_2,
and 30_3 1s provided. The current mirror 51 1s supplied with
a reference current I, and outputs a current at a predeter-
mined magnification of the reference current to the bipolar
transistor 45 via the MOSFET 30_2, and to the bipolar
transistor 44 via the MOSFET 30_3, respectively.

A base of the bipolar transistor 45 1s supplied with one of
the low-potential-side control signals, and a collector thereof
1s coupled to a resistor 26 and a gate of the p-channel
MOSFET 30_8 which configures a switch. This signal line
corresponds to the high-potential-side control signal. The
other side of the resistor 26 1s coupled to a source of the
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p-channel MOSFET 30_8 which configures the switch. This
signal line corresponds to one of the terminals C,-C,,

illustrated 1n FIG. 2.

The bipolar transistor 45 performs the on-ofl control of
the output current of the current mirror 51 according to the
value of the low-potential-side control signal. When con-
trolled to ON, the bipolar transistor 45 makes the output
current of the current mirror 51 flow through the resistor 26.
Accordingly, a voltage drop 1s generated across the resistor
26, and a high-potential-side control signal 1s generated,
which 1s based on the potential of one of the terminals
C,-C, , as areference potential. Since the high-potential-side
control signal 1s lower than the terminal voltage, it 1s suitable
for control of the switch comprised of the p-channel MOS-
FET 30_8.

A base of bipolar transistor 44 1s supplied with the other
of the low-potential-side control signals, and a collector
thereol 1s coupled to a current mirror 33. The output of the
current mirror 53 1s coupled to a resistor 25 and a gate of an
n-channel MOSFET 30_7 which configures a switch. This
signal line corresponds to the high-potential-side control
signal. The other side of the resistor 25 1s coupled to a source
of the n-channel MOSFET 30_7 which configures the
switch. This signal line corresponds to one of the terminals
Cy-C,, 1llustrated 1n FIG. 2.

The bipolar transistor 44 performs the on-ofl control of
the output current of the current mirror 51 according to the
value of the low-potential-side control signal. When con-
trolled to ON, the current further mirrored by the current
mirror 533 flows through the resistor 25. Accordingly, a
voltage drop 1s generated across the resistor 235, and a
high-potential-side control signal 1s generated, which 1s
based on the potential of one of the terminals C,-C,, as a
reference potential. Since the high-potential-side control

signal 1s higher than the terminal voltage, 1t 1s suitable for
control of the switch comprised of the n-channel MOSFET
30_7

Proper use of the p-channel MOSFET 30_8 and the
n-channel MOSFET 30_7 in configuring a switch 1s the
same as the case explained in Embodiment 6. Therefore, the
explanation thereof 1s omitted.

When the withstand voltage of a bipolar transistor 1s
comparatively low, a bipolar transistor of the same kind as
the bipolar transistor 43 illustrated 1n FIG. 5 1s mnserted in the
middle of the mput-output current path of a current mirror;
accordingly, the withstand voltage can be distributed.

Embodiment &

<A Battery Voltage Monitoring Device>

FIG. 8 1s a more detailed configuration diagram of the
battery voltage monitoring IC, and FIG. 9 1s a drawing
illustrating a configuration of principal parts of the battery
voltage monitoring device. As the configuration of the
battery voltage monitoring IC, various modifications as
exemplified 1n Embodiments 1-7 and the combination of
those are possible. Therefore, what 1s i1llustrated 1n FIG. 8 1s
only one of the examples.

The battery voltage monitoring IC (semiconductor
device) 1 1s comprised of terminals C,-C,, and terminals
B,-B,,. The terminals C,-C,, and the terminals B -B, , are
coupled to each of the nodes coupled 1n series across both
poles of plural unit cells BC,-BC, , which are series-coupled
in multi-stage for configuring an assembled battery. The
battery voltage monitoring I1C 1 1s provided with the cell
voltage measurement function for measuring a cell voltage
of each of the unit cells BC,-BC,, and the cell balance
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function for keeping the cell voltage approximately equal.
The battery voltage monitoring IC 1 1s turther provided with,
as the fault monitoring function, the function for detecting
overcharge/overdischarge, the function for detecting tap
disengagement which 1s disconnection between each node of
the series-coupled unit cells and the terminals C,-C,,, and
the Tfunction for detecting fault of a discharge switch which
realizes the cell balance function.

In order to realize the cell voltage measurement function,
both poles of the unit cells BC,-BC,, are coupled, via the
terminals C,-C, ,, to a voltage measurement circuit 7 which
1s comprised of a multiplexer MUX and an analog-to-digital
converter ADC. The multiplexer MUX selects sequentially
the unit cells BC,-BC,,. The analog-to-digital converter
ADC measures each cell voltage, converts the each cell
voltage to digital values and outputs the converted digital
values. The converted digital values may be stored 1n a
register 10.

The cell voltage of each of the unit cells BC,-BC,, 1s
coupled to the voltage measurement circuit 7 and also
coupled to a comparator circuit 6 via a down-convert level
shifter circuit 2, 1n parallel. The down-convert level shifter
circuit 2 1llustrated 1n FIG. 8 1s configured by use of bipolar
transistors BC,-BC,, and B.-2-B--n, as illustrated 1n FIG.
5. The bipolar transistors B ~-2-B - n are iserted 1n order to
distribute the withstand voltage. The comparator circuit 6 1s
comprised of a high-voltage-side comparator circuit
(CCOMP1-CCOMP12) which compares the cell voltage
shifted to the low potential side by a down-convert level
shifter circuit 2, with a high-voltage-side reference voltage
(V,.Al), and a low-voltage-side comparator circuit
(DCOMP1-DCOMP12) which compares the cell voltage
shifted to the low potential side, with a low-voltage-side
reference voltage (V,_A.). In the case of a lithrum-1on battery
for example, it 1s possible for the high-voltage-side com-
parator circuit (CCOMP1-CCOMP12) to detect the over-
charge state of the umit cells BC,-BC,,, by setting the
high-voltage-side reference voltage (V,, 4)t0 4.5V, and it 1s
possible for the low-voltage-side comparator -circuit
(DCOMP1-DCOMP12) to detect the overdischarge state of
the unit cells BC,-BC,,, by setting the low-voltage-side
reference voltage (V, d.) to 2V. The comparison result can
be stored 1n the register 10.

In order to realize the function for detecting the tap
disengagement, switches S, 12-S -, 51 each of which short-
circuits the adjoining terminals via a resistor are provided at
all the terminals C,-C, ,. These correspond to the resistor 21
and the switch 11 illustrated 1n FIG. 1. When the low-
voltage-side comparator circuit (DCOMP1-DCOMP12)
detects that the cell voltage in the state where the switches
S, »12-S., -1 are closed 1s lower than the low-voltage-side
reference voltage (V,,AL.), the fault of the tap disengagement
1s detected. In the case of the tap disengagement, the cell
voltage measured becomes 0V; therefore, the low-voltage-
side reference voltage (V, ) may be the same voltage as
the reference voltage for the overdischarge detection. That
1s, the down-convert level shifter circuit 2 and the compara-
tor circuit 6 for the overdischarge detection can be employed
without change 1n order to realize the function for detecting
the tap disengagement. The detected result of the tap dis-
engagement can be stored in the register 10.

In order to realize the cell balance function, the battery
voltage monitoring IC (semiconductor device) 1 1s provided
with terminals B,-B,, 1n addition to the terminals C,-C, ,,
and switches S-;12-S_-z1 for short-circuiting the terminal
B _and the terminal C,__,. It 1s possible to employ a cell
balance circuit of other types than ones 1llustrated in FIGS.
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3A, 3B, and 3C. By discharging selectively a unit cell whose
cell voltage 1s higher than the other unit cells, it 1s possible
to control the cell voltage of all the unit cells so as to be
approximately equal. In order to detect the fault of the
switches S_,12-S .1, each of the switches S_,12-S.1 1s >
provided with a pull-up resistor and 1s coupled to a switch
14 which performs the on-ofl control of the down-convert
level shifter circuit 2. The down-convert level shifter circuit
2 1s further provided with a switch 13 1n parallel with the
switch 14. In FIG. 8, the switch 14 1s comprised of MOS-
FETs M _12-M 1, and the switch 13 1s comprised of MOS-
FETs M, A2-M.1. The fault detection operation of the
switch 1s the same as explained 1n Embodiment 2; therefore,
the explanation thereof 1s omitted.

The high-potential-side control signals EN_H_, .,
EN_H,., and EN_H, ., which control respectively the
switches S..,,12-S .1, the switches S_.;12-S_.1, and the

MOSFETs M, 12-M, 1 configuring the switch 13, are gen-

crated by level-shifting the potential of the low-potential- »g
side control signals EN_L. ., EN_L ., and EN_L, ., by
the up-convert level shifter circuits 3, 4, and 3. It 1s possible

to employ the circuit illustrated in Embodiments 6 or 7 for
the circuit of the up-convert level shifters 3, 4, and 5. The
low-potential-side control signals EN_L ., », EN_L 5, and 25
EN_L,, - are stored in the register 10.

The battery voltage monitoring IC 1 1s further provided
with a logic circuit 63 including the register 10, and an SPI
(Serial Pernipheral Interface) control circuit as a communi-
cation interface 62. The register 10 can be accessed from the 30
exterior via the communication interface 62. The logic
circuit 63 can recerve an imterrupt INTI from the exterior,
and can 1ssue an interrupt INTO to the exterior. For example,
when abnormal conditions are detected by the fault moni-
toring function, such as the fault detection, not only the 35
abnormal conditions are stored in the register 10, but the
interrupt INTO 1s 1ssued to notify the abnormal conditions
more positively.

FIG. 9 1llustrates a configuration of principal parts of a
battery voltage monitoring device 70. Plural unit cells which 40
configure an assembled battery are divided into groups of
series-coupled plural umit cells, and the battery voltage
monitoring ICs 1_1-1_M are coupled to each group. The
battery voltage monitoring device 70 1s further provided
with a battery system controller 60. The battery system 45
controller 60 1s coupled to a communication interface 62 of
the battery voltage monitoring ICs 1_1-1_M through a
communication path 61 which 1s formed by use of a daisy
chain, for example. It 1s possible to control the operation of
cach of the battery voltage monitoring ICs 1_1-1_M, by 50
writing control mnformation 1n a register 10 thereot, and 1t 1s
possible to collect the measured data of a cell voltage, or the
state data indicative of the existence or nonexistence of fault
or abnormal conditions, by reading the information stored 1n
the register 10. 55

Interrupt signals INTI and INTO of each of the battery
voltage monitoring ICs 1_1-1_M are coupled to the battery
system controller 60 via a level shitter. The level shifter may
be provided internally or externally in each of the battery
voltage monitoring ICs 1_1-1_M. The voltage of the 60
assembled battery comprised of plural umt cells series-
coupled 1n multi-stage may amount to as high as several
hundred volts. Therefore, in that case, the cost may be
suppressed low by absorbing the potential difference by use
of an external level shifter, rather than requiring each of the 65
battery voltage monitoring ICs 1_1-1_M for that magnmitude
of withstand voltage.
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FIG. 10 illustrates a configuration of principal parts of a
battery voltage monitoring device 70 according to another
embodiment. The difference from the battery voltage moni-
toring device 70 illustrated 1n FIG. 9 lies 1n the point that the
interrupt signals INTI and INTO of each of the battery
voltage monitoring ICs 1_1-1_M are coupled to the battery
system controller 60 by use of a daisy chain. The battery
voltage monitoring IC 1_1 1s supplied with an interrupt
signal INTI_1 from the battery system controller 60 and
outputs an interrupt signal INTO_1 to the battery voltage
monitoring IC 1_2. The interrupt signal 1s transmitted
sequentially after that, and the battery voltage monitoring 1C
1_M 1s supplied with an iterrupt signal INTI_M from the
battery voltage monitoring IC 1_M-1, and outputs an inter-
rupt signal INTO_M to the battery system controller 60. As
1s the case with the communication interface 62, by trans-
terring the interrupt signal sequentially, the communication
of the interrupt signal 1s established between each of the
battery voltage monitoring ICs 1_1-1_M and the battery
system controller 60.

When not only the imterrupt signal but also the commu-
nication path 61 are coupled by use of a daisy chain, except
for the coupling between the battery system controller 60
and each of the battery voltage monitoring 1IC 1_M of the top
end and the battery voltage monitoring IC 1_1 of the bottom
end, all the other coupling are with the adjacent battery
voltage monitoring ICs. Therefore, the withstand voltage
required for the interrupt input-output terminal of each of the
battery voltage monitoring ICs 1_1-1_M-1 1s allowed to be
low. On the other hand, when there exists fault in the middle
of transmission of an interrupt signal and the transmission 1s
suspended, there exists a possibility that the interrupt signal
cannot be transmitted to the battery system controller 60,
even 1f the interrupt signal 1s 1ssued by the normal battery
voltage monitoring IC.

In the transmission by the common bus illustrated 1n FIG.
9, even 11 one battery voltage monitoring IC 1 1n the maddle
of the transmission 1s under the fault of an interrupt signal,
when 1t 1s an open fault, the transmission of the interrupt
signal from other battery voltage momtoring ICs 1 will not
be impeded. On the other hand, all the battery voltage
monitoring ICs 1 including one arranged at that potential are
coupled to the battery system controller 60; therefore, it 1s
necessary to provide level shifters.

As described above, the mvention accomplished by the
present inventors has been concretely explained based on the
embodiments. However, 1t cannot be overemphasized that
the present ivention 1s not restricted to the embodiments,
and 1t can be changed variously 1n the range which does not
deviate from the gist.

For example, the battery voltage monitoring IC which 1s
applied to an assembled battery comprised of unit cells
(battery cells) series-coupled 1n multi-stage has been
explained. It 1s eflective to employ secondary cells, such as
a lithrum-ion battery, a nickel-hydrogen battery, and a fuel
cell, as the unmit cell and to apply the battery voltage
monitoring IC 1n order to monitor the charge and discharge
state of the secondary cells. It 1s also eflective to apply the
battery voltage monitoring IC as the voltage monitoring
device for an assembled battery comprised of series-coupled

primary cells, and for the power source in which large
capacity capacitors, such as electric double layer capacitors
and lithium-1ion capacitors, etc. are series-coupled 1n multi-
stage.
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What 1s claimed 1s:

1. A method of measuring voltage of each of a plurality of
unit cells series-coupled 1n multi-stage and configuring an
assembled battery, the method using at least one semicon-
ductor device,

wherein the semiconductor device comprises:

a {irst terminal to be coupled to a first node which 1s one
clectrode of a unit cell and 1s coupled to another unit
cell 1n the unit cells; and

a second terminal to be coupled to a second node which
1s the other electrode of the unit cell and 1s coupled
to another unit cell,

wherein the method comprises:

measuring an inter-terminal voltage between the first
terminal and the second terminal by a voltage mea-
surement circuit;

converting the inter-terminal voltage into a low-poten-
tial-side inter-terminal voltage by a first level shifter
circuit;

comparing the low-potential-side inter-terminal voltage
with a predetermined reference voltage by a com-
parator circuit;

converting a low-potential-side shunt control signal
into a high-potential-side shunt control signal by a
second level shifter circuit; and

short-circuiting the first terminal and the second termi-
nal via a first resistor, on the basis of the high-
potential-side shunt control signal by a first switch,

wherein the semiconductor device further comprises:

a third terminal to be coupled to the first node; and

a second resistor coupled between the first terminal and
the third terminal,

wherein the method further comprises:

converting a low-potential-side sense enable signal into
a high-potential-side sense enable signal by a third
level shifter circuait;

converting a low-potential-side cell balance enable
signal into a high-potential-side cell balance enable
signal by a fourth level shifter circuit; and

short-circuiting the third terminal and the second ter-
minal, on the basis of the high-potential-side cell
balance enable signal by a third switch, and

wherein the first level shifter circuit comprises:

a voltage-to-current converter circuit operable to con-
vert the inter-terminal voltage into a current value
corresponding to the inter-terminal voltage;

a current-to-voltage converter circuit operable to con-
vert the current value into a low-potential-side inter-
terminal voltage corresponding to the current value;

a second switch operable to control operation of the
voltage-to-current converter circuit, on the basis of
the high-potential-side sense enable signal; and

a fourth switch operable to control operation of the
voltage-to-current converter circuit, on the basis of a
potential of the third terminal, i parallel with the
second switch.

2. The method of claim 1, wherein

the semiconductor device further comprises

a fourth terminal to be coupled to the second node.

3. A method of monitoring battery voltage, the method
using at least one battery voltage monitoring device,

wherein the device comprises:

a plurality of voltage measurement units provided for
cach group of a plurality of unit cells series-coupled
in multi-stage for configuring an assembled battery;

and
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a battery system controller coupled to the voltage
measurement units,
wherein each of the voltage measurement units 1s com-
prised of a semiconductor device,
wherein the semiconductor device comprises:

a {irst terminal to be coupled to a first node which 1s one
clectrode of a unit cell and 1s coupled to another unit
cell 1n the unit cells; and

a second terminal to be coupled to a second node which
1s the other electrode of the unit cell and 1s coupled
to another unit cell;

wherein the method comprises:

measuring an inter-terminal voltage between the first
terminal and the second terminal by a voltage mea-
surement circuit;

converting the inter-terminal voltage into a low-poten-
tial-side inter-terminal voltage by a first level shifter
circuit;

comparing the low-potential-side inter-terminal voltage
with a predetermined reference voltage by a com-
parator circuit;

converting a low-potential-side shunt control signal
into a high-potential-side shunt control signal by a
second level shifter circuit; and

short-circuiting the first terminal and the second termi-
nal via a first resistor, on the basis of the high-
potential-side shunt control signal by a first switch,

wherein the semiconductor device further comprises:

a third terminal to be coupled to the first node; and

a second resistor coupled between the first terminal and
the third terminal,

wherein the method further comprises:

converting a low-potential-side sense enable signal into
a high-potential-side sense enable signal by a third
level shifter circuit;

converting a low-potential-side cell balance enable
signal into a high-potential-side cell balance enable
signal by a fourth level shifter circuit; and

short-circuiting the third terminal and the second ter-
minal, on the basis of the high-potential-side cell
balance enable signal by a third switch,

wherein the first level shifter circuit comprises:

a voltage-to-current converter circuit;

a current-to-voltage converter circuit;

a second switch; and

a fourth switch, and

wherein the method further comprises:

converting the inter-terminal voltage mto a current
value corresponding to the inter-terminal voltage by
the voltage-to-current converter circuit;

converting the current value into a low-potential-side
inter-terminal voltage corresponding to the current
value by the current-to-voltage converter circuit;

controlling operation of the voltage-to-current con-
verter circuit, on the basis of the high-potential-side
sense enable signal by the second switch; and

controlling operation of the voltage-to-current con-
verter circuit by the fourth switch, on the basis of a
potential of the third terminal, in parallel with the
second switch.
4. The method of claim 3, wherein
the semiconductor device further comprises
a fourth terminal to be coupled to the second node.
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